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NEUTRINO MASSES WITHOUT SEESAW MECHANISM

IN A SUSY SU(5) MODEL WITH ADDITIONAL 5
′
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A radiatively-induced neutrino mass matrix with a simple structure is proposed on the basis of an
SU(5) SUSY GUT model with R-parity violation. The model has matter fields 5

′
L + 5′

L
in addition

to the ordinary matter fields 5L + 10L and Higgs fields Hu + Hd. The R-parity violating terms are
given by 5L5L10L, while the Yukawa interactions are given by Hd5

′
L10L. Since the matter fields 5

′
L

and 5L are different from each other at the unification scale, the R-parity violation effects at a low
energy scale appear only through the 5

′
L ↔ 5L mixings. In order to make this R-parity violation

effect harmless for proton decay, a discrete symmetry Z3 and a triplet-doublet splitting mechanism
analogous to the Higgs sector are assumed.

1 Introduction

Why do the neutrinos have such tiny masses?

There are typical two ideas of the origin of

neutrino masses: One is the so-called “seesaw

mechanism1, and the other one is the “radia-

tive mass-generation mechanism2. The for-

mer can be embedded into a grand unifica-

tion theory (GUT), but the latter is hard

to be embedded into GUT. For example,

a supersymmetric (SUSY) model with R-

parity violation can provide radiative neu-

trino masses3, but the model inevitably in-

duces unwelcome proton decay4. Therefore,

as an origin of the neutrino masses, the idea

of the seesaw mechanism is currently influ-

ential concerned with a GUT model. How-

ever, the unified description of quark and lep-

ton mass matrices based on a GUT model is

not still achieved even if we take the former

standpoint. In the present talk, against the

current opinion, I would like to investigate

another possibility that the neutrino masses

are radiatively generated.

The basic idea 5,6 is as follows: We intro-

duce matter fields 5̄′L + 5′L in addition to the

matter and Higgs fields 5̄L + 10L + H̄d + Hu

in the conventional minimal SUSY SU(5)

GUT model. The model has Yukawa interac-

tions H̄d5̄L10L and R-parity violation-terms

5̄′L5̄′L10L. Since the two 5̄-plet fields, 5̄L and

5̄L, in the Yukawa interactions and R-parity

violating terms, respectively, are different

from each other, the R-parity violation-terms

become visible only through 5̄L ↔ 5̄′L mixing.

In order to make the R-parity violation harm-

less for proton decay, we will assume a mech-

anism analogous to a triplet-doublet splitting

in the Higgs sector.

The explicit model is as follows: We in-

troduce a discrete symmetry Z3 and assign

the Z3 quantum numbers as follows:

H̄d(−) +Hu(+) +(5̄L +10L)(+) +(5̄′L +5′L)(0),

(1)

where (+, 0,−) denote the Z3 transformation

properties (ω+1, ω0, ω−1) (ω = ei2π/3). The

Z3 invariant tri-linear terms are only three:

Wtri = (Yu)ijHu(+)10L(+)i10L(+)j

+ (Yd)ijH̄d(−)5̄
′
L(0)i10L(+)j

+ λijk 5̄L(+)i5̄L(+)j10L(+)k. (2)

Note that 5̄′L in the Yukawa interactions are

different from 5̄L in the R-parity violation-

terms. On the other hand, the Z3 invariant

bi-linear terms are only two. In order to give

“triplet-doublet splitting”, we assume the fol-

lowing “effective” bi-linear terms:

Wbi = H̄d(−)(µ + gH〈Φ(0)〉)Hu(+)
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+ 5̄′L(0)i(M5 − g5〈Φ(0)〉)5′L(0)i, (3)

where Φ is a 24-plet Higgs field and its

vacuum expectation value (VEV) is 〈Φ〉 =

v24diag(2, 2, 2, −3, −3). And we also as-

sume a Z3 symmetry breaking term

WSB = MSB
i 5̄L(+)i5

′
L(0)i, (4)

which induces 5̄L ↔ 5̄′L mixing as follows:

5
′
L(0)i = ci5

qℓ
Li + si5

heavy
Li ,

5L(+)i = −si5
qℓ
Li + ci5

heavy
Li , (5)

where

s
(a)
i =

M (a)

√
(M (a))2 + (MSB

i )2
,

c
(a)
i =

MSB
i√

(M (a))2 + (MSB
i )2

, (6)

M (2) = M5 + 3g5v24, and M (3) = M5 −
2g5v24. Therefore, we obtain the following

effective R-parity violation-terms:

W eff
6R = s

(a)
i s

(b)
j λijk5

ql(a)
Li 5

ql(b)
Lj 10Lk, (7)

Hereafter, for simplicity, we denote 5
ql(a)
Li as

5
(a)
Li .

We take the parameter values as follows:

M (2) ∼ MGUT , M (3) ∼ mSUSY ,

MSB
i ∼ MGUT × 10−1, (8)

so that we obtain values of the mixing pa-

rameters s
(2)
i ≃ 1 and, c

(2)
i ≃ MSB

i /M (2) ∼
10−1 for the doublet components, and s

(3)
i ≃

M (3)/MSB
i ∼ 10−12 and c

(3)
i ≃ 1 for

the triplet components. Since the unwel-

come R-parity violation-terms dc
Rdc

Ruc
R and

dc
R(eLuL − νLdL) are suppressed by the fac-

tors s(3)s(3) ∼ 10−24 and s(3)s(2) ∼ 10−12,

respectively, the proton decay due to the R-

parity violation-terms is suppressed by the

factor of 10−36. On the other hand, the R-

parity violation-terms (eLνL−νLeL)ec
R are of

the order of s(2)s(2) ∼ 1.

Note that Md 6= MT
e in the present

model, because

M †
d = C(3)Ydvd , M∗

e = C(2)Ydvd, (9)

where C(3) = 1+O(10−24) and C(2) ∼ 10−1.

2 Neutrino mass matrix

First, we calculate a radiative mass from the

diagram Fig.1:

(Mrad)ij ∝ sisjsksnλ∗
ikmλ∗

jnl(Me)
∗
kl(M̃

2T
eLR)∗mn

+ (i ↔ j), (10)

where si = s
(2)
i .

-

νj
s -

ẽR

s -

ẽL

s

M̃2
eLR

�

νc
i

s

Me

eL eR

Figure 1. Radiative generation of neutrino Majorana
mass

When we define

K = (SMeL
T )∗ , (11)

λijk = εijlLlk , (12)

S = diag(s
(2)
1 , s

(2)
2 , s

(2)
3 ) ≃ 1 , (13)

we can express Mrad as

(Mrad)ij = m−1
0 sisjεikmεjlnKmlKnk, (14)

where

m−1
0 =

2

16π2
(A + µ(2) tan β)

ln(m2
ẽR

/m2
ẽL

)

m2
ẽR

− m2
ẽL

.

(15)

Next, we calculate contributions from the

non-vanishing sneutrino VEV 〈ν̃〉 6= 0. In

the present model, the VEV of sneutrino is

exactly zero at tree level, because of the Z3

symmetry. However, only an effective m2
HLi-

term can appear via the loop diagram Hd →
(5

ql
L )c + (10L)c → 5

ql
L (Fig. 2), which gives

(m2
HLi

)eff ∝ sisjλijk(Me)jk = siεijkK∗
jk .

(16)

Since 〈ν̃i〉 ∝ (m2
HLi

)∗eff , we obtain

(MV EV )ij = ξm−1
0 sisjεiklεjmnKklKmn,

(17)
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where ξ is a relative ratio of MV EV to Mrad.

In conclusion, we obtain the following

general form of the neutrino mass matrix6

(Mν)ij = m−1
0 sisjεiklεjmn

(KknKml + ξKklKmn) , (18)

i.e.

Mν = m−1
0 S [A(1 + ξ) + B] S (19)

where

A = (K − KT )(K − KT ) − 1Tr(KK − KKT ),

B =
(
K + KT − 1TrK

)
TrK

− (KK + KT KT ) + 1Tr(KK), (20)

Note that A is a rank-1 matrix which is inde-

pendent of the diagonal elements of K, K11,

K22 and K33.

3 A simple example

Hereafter, we discuss the quantities on the

flavor basis where Me is diagonal.

Let us consider a simple form of K which

gives A ≫ B. We assume the following form

of K:

K/m0K =




1 1 1

0 0 0

0 0 0


 + ε1, (21)

where m0K is a constant with a dimension

of mass. The form (21) means that in the

limit of ε = 0, the coefficients λijk of the

R-parity violation terms are given by λij1 =

const ≡ λ and λij2 = λij3 = 0, i.e. 5̄Li5̄Lj

5
ql
Li

s

(5
ql
Lj)

c

s

Hd

(10Lk)c

siλijk cj(Y
∗
d )jk

Figure 2. Effective 5
ql

L H
†

d term

(i.e. ℓLiℓLj) can couple only to 10L1 (i.e. ec
R).

The assumption (21) leads to

Mν = (1 + ξ)A + B, (22)

where

A = m2
0K




0 0 0

0 1 −1

0 −1 1


 , (23)

and

B = m2
0Kε




2ε 1 1

1 −(1 + ε) 0

1 0 −(1 + ε)


 , (24)

mν
0 = m−1

0 m2
0K and we have put S = 1. The

mass matrix (22) gives the following eigenval-

ues and mixings:

mν1 = (
√

3 − 1 − 2ε)εmν
0 ,

mν2 = −(
√

3 + 1 + 2ε)εmν
0 , (25)

mν3 = 2(1 + ξ − ε − ε2)mν
0 ,

Uν =




√√
3+1

2
√

3
−

√√
3−1

2
√

3
0

1√
6+2

√
3

1√
6−2

√
3

− 1√
2

1√
6+2

√
3

1√
6−2

√
3

1√
2


 . (26)

Note that the structure of the mixing matrix

Uν , (26), is independent of the parameters

ξ and ε. Therefore, we obtain the neutrino

mixing parameters

tan2 θsolar =

√
3 − 1√
3 + 1

= 0.268, (27)

together with sin2 2θatm = 1 and |U13|2 = 0,

and the ratio of the neutrino mass squared

R ≡ ∆m2
21

∆m2
32

≃
√

3(1 + 2ε)

(1 + ξ)(1 + ξ − 2ε)
ε2. (28)

Roughly speaking, the these results are fa-

vorable to the recent neutrino data 7,8. Al-

though the predicted value of tan2 θsolar is

somewhat smaller than the observed best fit

value, the value can suitably be adjusted by

a small deviation of S from S = 1 and the

renormalization group equation effects.
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Figure 3. The status of the origin of the neutrino
mass in 2004: the radiative neutrino mass hypothesis
has considerably become plausible than before

4 Conclusions

Based on a SUSY SU(5) GUT model with

harmless R-parity violation, we have pro-

posed a neutrino mass matrix with a simple

form, which are given by sum of the radia-

tive masses plus nonvanishing sneutrino VEV

contributions. The model with a simple as-

sumption (21) leads to reasonable results

sin2 2θ23 = 1, |U13| = 0,

tan2 θ12 =

√
3 − 1√
3 + 1

= 0.268, (29)

independently of the parameters ε and ξ.

However, at present, it is an open question

why we should choose such the simple form

of K.

Although the form (21) is only an exam-

ple, we can, at least, say that, as the origin

of the neutrino masses, we should seriously

take a possibility of the radiative mass gener-

ation mechanism as well as that of the seesaw

mechanism.

Acknowledgments

This work was supported by the Grant-in-Aid

for Scientific Research, the Ministry of Edu-

cation, Science and Culture (Grant Number

15540283).

References

1. T. Yanagida, in Proceedings of the

Workshop on the Unified Theory and

Baryon Number in the Universe, edited

by O. Sawada and A. Sugamoto (KEK,

Tsukuba, 1979), p. 95; M. Gell-Mann,

P. Ramond and R. Slansky, in Super-

gravity, edited by P. van Nieuwenhuizen

and D. Freedman (North-Holland, Ams-

terdam,1979), p. 315; G. Senjanović and
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